ABSTRACT
The process of periodontal and bone regeneration is generally complicated by different types of present cells. Active regeneration is valuable through induction of purposed cell population to differentiate or migrate to the defect area, which is the migration of bone progenitor cells to the injured site and differentiation of stem cells to osteoblasts that leads to the regeneration of bone structure. [4] Also, in the reconstruction of large bony defects, there should be a graft material to provide both scaffold and active signaling to the bone marrow mesenchymal stem cells (MSCs) inducing them to migrate and differentiate. [4] [5] Among bone replacement grafts, autograft is considered the gold standard. [6] They are the only bone grafts that provide all the three properties of an ideal graft material including osteogenesis (to provide vital osteoblasts), osteoinduction (induction of osteoprogenitor cells to differentiate to osteoblasts) and osteoconduction (to provide scaffold). [6] However, owing to the low level of patient acceptance of autografts, allografts (grafts from the same species) have become the most popular bone grafts in oral surgery. Allografts are being processed as fresh-frozen or freeze-drying. [6] Demineralized freeze-dried bone allograft (DFDBA) is a type of allograft claimed to be superior because of the osteoconductive and osteoinductive properties. The osteoinductivity is obtained through demineralization of the graft material and exposure of the bone morphogenetic proteins (BMPs). These are a group of growth factors inducing MSCs differentiation into bone-producing osteoblast cells in bone matrix. [7] [8] Therefore, the demineralization is critical for osteoinductive properties of DFDBA, since it provides adequate levels of BMPs and does not allow the mineral content to drop to very low levels. 
It is believed that a certain concentration of

Characterization of human MSCs
The cells viability was analyzed by using trypan blue staining. Flow cytometric analysis for detection of MSC-morphologic markers was also achieved following the method used by Ayatollahi et al. [18] 
Proliferation assay
The two types of employed Ca(OH) 2 were suspension (non-pH-adjusted) and solution (pH-adjusted). For the suspension groups, 50 and 100mg Ca(OH) 2 (Merck; Germany) were added to 10 ml normal saline, yielding 5-and 10-mg/ml concentration of Ca(OH) 2 . Then, they were diluted in the culture medium in a 1:10 ratio to obtain 0.5-and 1-mg/ml doses of Ca(OH) 2 . In the solution group, the powder was first dissolved in HCl, then, NaOH was added and the pH was adjusted to 7.4 via a pH meter. Accordingly, 10 designed study groups were as follows; group 1: control group (MSCs in culture medium with no treatment), group 2: 0.5mg/ml Ca(OH) 2 solution, group 3: 0.5mg/ml Ca(OH) 2 suspension, group 4: 1mg/ml Ca(OH) 2 solution, group 5: 1mg/ml Ca(OH) 2 suspension, group 6: 10mg/ml DFDBA, group 7: 10mg/ ml DFDBA+ 0.5mg/ml Ca(OH) 2 solution, group 8: 10 mg/ml DFDBA+ 0.5mg/ml Ca(OH) 2 suspension, group 9: 10mg/ml DFDBA+ 1mg/ml Ca(OH) 2 solution and group 10: 10mg/ml DFDBA+ 1mg/ml Ca(OH) 2 
Osteogenic differentiation assay
The potential of human MSCs to differentiate into osteogenic lineages was examined in the presence of osteogenic media in four groups by using Alizarin red staining (Sigma-Aldrich Co., USA) within 5, 12 and 14 days after staining. The groups were group 1: MSCs in osteogenic media containing DFDBA (10mg/ml), group 2:
MSCs in osteogenic media containing 0.5mg/ml Ca(OH) 2 
Statistical analysis
The triplicate samples obtained from different cases were analyzed in duplicate. The statistical analyses were performed by using SPSS software, version 16 (IBM; USA). One-way ANOVA was used to analyze the data. Tukey's post-hoc test was used for pair-wise comparisons between the study groups. p< 0.05 was considered to be statistically significant. Alizarin red staining results were presented qualitatively.
Results
Characterization of human MSCs
The rapidly grown fibroblast-like cells, which exhibited homogeneous morphology, were selected for culture 
Cell proliferation analysis
There was a significant interaction effect between the time and group, i.e., the culture duration and material concentrations significantly affected the cellular proliferation (p< 0.001). The cell proliferation was compared among the groups at each time point of 18, 24 and 48 hours as demonstrated in Table 1 .
After 18 hours treatment
After 18 hours of treatment, the cell proliferation was significantly lower in the group 10 compared with the other groups, which were not significantly different from the control group. and DFDBA significantly increased the cell proliferation. However, the cell proliferation in DFDBA was higher than its combination with 1 mg/ml Ca(OH) 2 suspension.
After 48 hours treatment
The above-mentioned differences were still present among the groups. Both 0.5 and 1 mg/ml Ca(OH) 2 suspensions and DFDBA+ 1mg/ml Ca(OH) 2 suspension exhibited significantly lower proliferation in comparison with the control group. Both 0.5 and 1mg/ml Ca(OH) 2 solutions exhibited significantly higher cell proliferation than the same doses in suspension form.
Furthermore, the combination of DFDBA with 0.5 mg/ml, Ca(OH) 2 solution significantly increased the cell proliferation in comparison with DFDBA per se. The cell proliferation in groups 7 and 9 showed an ascending trend from 18 to 48 hours to reach to a level higher than the control group but the difference was not statistically significant ( Figures 2 and 3 ).
Osteogenic differentiation assay
Qualitatively, Alizarin red staining results showed osteogenic differentiation in BM-MSCs in four designed groups. The morphologic differentiation of cells and red mineralized nodule formation were observed by micros- Narita et al. [19] demonstrated that dentine powder and hydroxyapatite (both comprised of mineralized compounds similar to DFDBA) had buffering effect on Ca(OH) 2 ; this is beneficial when using a mixture of DFDBA and Ca(OH) 2 .
The results of the present study were consistent with some previous studies. Narita et al. [19] used different doses of Ca(OH) 2 at different pH levels. They concluded that high dose of Ca(OH) 2 (2.5 mg/ml) was cytotoxic to the primary osteoblast cells (in both pHadjusted and non-pH-adjusted groups); whereas, in low- The present study, in line with Narita et al. [19] and Paula-Silva et al., [15] showed that the pH-adjusted solution of Ca(OH) 2 yielded better outcomes compared with the suspension form. They found that the Ca(OH) 2 -induced mineralization was strictly dose-dependent and responsible for osteoblast differentiation through providing extracellular and intracellular Ca 2+ ions which led to the activation of calcium/ calmodulin pathway. [15, 19] However, previously the induction of hard tissue formation by Ca(OH) 2 was mostly attributed to its alkaline pH (hydroxyl ions).
The elevated pH by Ca(OH) 2 may not be a problem in pulp-capping or apexification, so that applying Ca(OH) 2 adjacent to the pulpal structure leads to the necrosis (2mm), followed by an inflammation zone and eventually hard-tissue formation. Yet, the elevated pH should be considered in periodontal regeneration in order not to disturb the cell viability, migration, and differentiation. [13] The main and interesting result of the study was that combination of 0.5 mg/ml pH-adjusted solution of Ca(OH) 2 Moghadam et al. [21] evaluated the effect of adding 0.15% by weight Ca(OH) 2 to demineralized bone material (DBM) gel on bone defects in rabbit calvaria.
They found no beneficial effect in adding Ca(OH) 2 to DBM gel. [21] This could be because of the improper dose or form of Ca(OH) 2 , which is highly dosedependent regarding both cell proliferation and induction of hard tissue formation.
In the present study, the results of cell proliferation in DFDBA group revealed that 10mg/ml concentration of DFDBA caused lower cell proliferation than the control group, and did not induce mineralization. This was in agreement with Carnes et al.'s study [22] on 2T9 cells (preosteoblastic cell line derived from transgenic mice calvariae). They reported that the exposure of these cells to DFDBA did not result in mineralization.
However, exposure of these cells to soluble BMP-2 led to increased mineralization and alkaline phosphatase activity. Accordingly, they concluded that DFDBA was not likely to liberate soluble BMPs towards osteoinduction, or in vivo studies might be more appropriate to determine the osteoinductive properties. [22] Vaziri et al. [23] in a study on the evaluation of osteoinductive property in three different commercial brands of DFDBA (one of them Cenobone-the same brand as the present study) reported that 8 and 16 mg/ml DFDBA decreased the proliferation of osteoblast-like cells. However, in contrast to the present study, they observed increased mineralization in 16mg/ml DFDBA.
[23] These differences could be due to different cell lines and different doses administered.
In order to adopt the appropriate dose of DFDBA in in vitro assessment, the present study followed Vaziri et al. [23] and adopted 16mg/ml at the beginning. However, this dose resulted in very low cell viability and proliferation in hBM-MSCs. Hence, 10mg/ml was cho- in DFDBA group to verify the hypothesis of the study.
Despite the previously conducted studies on the properties of Ca(OH) 2 in cell proliferation and osteoblast differentiation, the strength of the present study lied in evaluation of the most effective dosages of Ca(OH) 2 with respect to the previous studies. Furthermore, the current study evaluated both solution and suspension forms in order to investigate different aspects of this issue and to examine the previously proposed hypotheses regarding the mechanism of mineralization induction by Ca(OH) 2 . Besides, the recruited cell line was hBM-MSCs, which are one of the most important cells involved in the process of bone regeneration.
Conclusion
Within the limitations of this study, it seems that the addition of 0.5mg/ml Ca(OH) 2 solution to DFDBA is beneficial for improving cell proliferation as well as osteoblast differentiation compared with DFDBA per se.
